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440a Tuesday, February 10, 2015(‘‘high’’ tau¼28.4353.3; ‘‘low’’ tau¼22.251.08). Once we had the Tcrit
(20.55 ms) we obtained the rate constants for intraburst activity with a C1-
O-C2 model: k 1-2 ¼ 182.44524.98; k 2-1 ¼4.5752.4; k 2-3 ¼
196.33532.85; k 3-2 ¼ 4418.645299.37 (n ¼ 8). Finally we studied the ef-
fects of chlorpromazine, a known modulator of mechano-activated channels,
on these rate constants and found a decrease in the k 3-2/k 2-3 relationship
from 22.9753.39 to 10.6451.47 (p<0.05; n¼6). This model allows for formal
kinetic studies of this novel channel.
(1) (2005) Biophys J.88(1):593
(2) (2008) Biophys J.91(1):1101
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INTRODUCTION: Hypoxia-induced apoptosis and arrhythmia are the impor-
tant cause of sudden infant death syndrome (SIDS). ATP-sensitive Kþ (KATP)
channels are known to provide a functional linkage between the electrical ac-
tivity of cell membrane and metabolism. KCNJ8-encoded Kir6.1 KATP chan-
nel critically regulates vascular tone and cardiac adaptive response to systemic
metabolic stressors, including sepsis. Previously, we identified two KCNJ8 mu-
tations (E332del and V346I) in a large SIDS cohort that exhibited a marked
loss-of-function phenotype and reduction of cell surface expression. Here we
further investigate the mechanisms underlying the loss-of-functional Kir6.1
KATP channel mutations in SIDS.
Methods and Results: A hemagglutinin (HA) epitope was inserted in an extra-
cellular loop of Kir6.1 wild type (WT), Kir6.1-E332del and Kir6.1-V346I
channels. HEK293 cells were co-transfected with cDNA encoding HA-
tagged Kir6.1-WT, HA-tagged Kir6.1-E332del or -V346I and SUR2A in a ratio
of 1:1:2. Cell surface expression was assessed by Flow-cytometry with FITC-
conjugated anti-HA antibody. Apoptosis assays were performed on HEK293
cells transfected with IRES-GFP constructs containing Kir6.1-WT or mutant
(E332del or V346I) with SUR2A. After staining with PE-Annexin V and
7-AAD, the apoptotic cells were measured by Flow-cytometry within gated
GFP (þ) cells. Caspase-3/7 activity was measured with Apo-ONE Homoge-
nous caspase 3/7 assay kit. The cell-counting studies showed that the cell sur-
face expression of Kir6.1-WT was suppressed 40% to 70% when co-expressed
with Kir6.1-E332del or Kir6.1-V346I. The apoptosis assay data indicated that
the apoptotic ratio was increased significantly for E332del (38.9%) compared
to WT (4.02%) and for V346I (11.2%) compared to WT (3.04%). The
Caspase-3/7 activity was also increased 2.1 fold for E332del and 1.6 fold for
V346I over WT.
Conclusions: The loss-of-functional Kir6.1 KATP channel mutations found
in SIDS display a dominant-negative effect on Kir6.1-WT channels and induce
apoptosis in heterologous expression system.
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Protein oligomerization lies at the core of numerous biological processes, from
cellular signal transduction to muscle contraction and cellular metabolism. It
also notably drives the function of ion channels, as several subunits are often
required to stabilize and gate specific ions through the conducting pore. In addi-
tion to these protein-protein interactions within ion channels, oligomerization
or ‘‘clustering’’ of several ion channels has been observed. Although ion chan-
nel clustering is not generally thought to be a prerequisite for their physiolog-
ical function, it has been suggested to modify the function of several ion
channels. In this study, we optically observed clustering of single KcsA
(E71A mutant) channels in planar lipid bilayer using single molecule fluores-
cence, while simultaneously measuring single channel currents. We found
that clustering was not caused by direct protein-protein interactions but was
mediated via microdomains induced in the lipid matrix. Interestingly, while
KcsA clusters remained in the lipid bilayer, cooperative gating events with
conductance levels multiple to the ‘‘normal’’ single channel events were often
recorded. These coupled events were also observed in absence of a negatively
charged phospholipid, which is believed to be required for KcsA activity. To
understand the role of microdomains in coupled activity, we explored the phys-
ical properties of the lipid which could promote channel opening. Our findings
show that lipids able to produce negative curvature in the lamellar liquid crystal
phase (La) can induce channel activity, even without any negative chargedlipid. We propose that the lateral pressure distribution of such lipid on the chan-
nel supports channel opening. This idea is in line with the cooperative gating of
KcsA in the presence of clusters. The assembly of oligomers helps to overcome
the energy barrier for opening by distributing the lateral pressure more
favorably.
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Widespread bacteria, archaea, unicellular eukaryotes, and plants possess fluo-
ride channels, called Flucs, to export toxic environmental fluoride anion
from the cytoplasm. These proteins conduct F- ion at ~10 pS, are >10,000-
fold selective for fluoride over chloride, and are constructed as extremely
unusual antiparallel dimers. Here, we present the x-ray crystal structure of a
Fluc channel from Bordetella pertussis, in complex with a pore-blocking
FN3 domain ‘‘monobody.’’ The structure reveals a closed conformation of
the protein with the predicted antiparallel architecture and an occluded
hourglass-shaped pore at the subunit interface.
2215-Pos Board B352
Two-Sided Simultaneous Block of a F- Channel (FLUC)
Daniel L. Turman1, Randy Stockbridge1, Christopher Miller2.
1Brandeis University, Waltham, MA, USA, 2Brandeis University, HHMI,
Waltham, MA, USA.
The recently discovered family of F- channels, the Flucs, are highly selective
for F- and function to rescue microorganisms from F- toxicity in acidic environ-
ments. Structurally, Fluc is a four pass transmembrane protein that assembles as
a dual-topology homodimer. This architecture, where two Fluc subunits orient
antiparallel with respect to each other, is unique among ion channels and re-
quires a two-fold symmetry axis parallel to the membrane plane. The symmetry
axis further suggests that Fluc may present identical interfaces on both sides of
a membrane.
In fact, using fibronectin III domain ‘‘monobody’’ blockers specifically
selected from a phage display library for nano-molar binding affinity, it was
shown that a single Fluc channel is blocked on both sides of a planar lipid
bilayer [Stockbridge et. al. Nature Comm., in press]. This leaves open the ques-
tion of whether the sites of block on either side of the channel can be occupied
simultaneously. We approach this question by experimentally testing a two site
block model O <¼> B1 <¼> B2 by analysis of monobody dependent block
times in single channel electrophysiology recordings. In the case of symmetric
block, this scheme postulates that the dwell times of the B1 and B2 composite
blocked state should exhibit monobody concentration dependence. In addition,
information about cooperativity, whether negative or positive, between the two
blocking sites can be quantitatively determined.
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We investigated ClC-3 ion transport properties by employing a ‘‘ClC-5/3’’
plasmid, consisting of the ClC-5 N-terminal (M1-A46) linked to the core
ClC-3 protein. This ClC-3 protein is redirected to the plasma membrane of
HEK cells. Functionally it exhibits rapidly activated, outwardly rectifying sus-
tained ion currents (ISS) representing coupled Cl
-/Hþ transport, and prominent
‘‘on/off’’ transient gating charge (Q) movements, as recently described for a
ClC-3 mutant (Guzman et al, 2013, ACS Chem Neurosci). Interpreting Q to
represent movements of unprotonated (ie, incompletely cycling) ‘‘Gluext’’/
E224, ClC-3 exhibits low transport efficiency compared to ClC-5 or ClC-4,
which exhibit larger ISS and much smaller Q. Replacement of external Cl
-
with SCN- increases ClC-3 currents by 3-4 fold, and reduces Hþ coupling by
~90%. Removal of a conserved tyrosine (Y630S, V) positioned at the intersec-
tion of the Cl-/Hþ pathways (Accardi et al, 2006, JMB) greatly increases cur-
rents and decreases Q. For Y630S, Hþ coupling is reduced by ~50%; SCN
substitution decreases rather than increases current, and eliminates Hþ trans-
port. An M568A mutant moderately impacts transport, increasing currents
and decreasing Q by <50%. Reduction of external pH (pH 6 or 5) weakly in-
hibits ClC-3 ISS, but markedly reduces Q, and shifts the Q(V) relationship to-
ward more positive voltages. These results are consistent with external protons
inhibiting cycling by neutralization of Gluext. An endogenous Cl
- current acti-
vated at pH5 (Iacid) has slow activation kinetics and lacks gating transients, is
Tuesday, February 10, 2015 441ainhibited by 60-120 microM phloretin, and is decreased by ClC-3 expression.
Thus, Iacid is readily distinguished from expressed ClC-3 transport. These
data indicate that ClC-3 Hþ coupling and transport is influenced by anion inter-
action, and by external protons, as suggested for the bacterial ClCec-1.
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The formate-nitrite transporters (FNTs) represent a widespread family of mem-
brane proteins involved in the translocation of monovalent polyatomic anions,
such as formate, nitrite and hydrosulfide. Recently solved structures of five of
its members reveal a pentameric protein organization with remarkable struc-
tural similarity to aquaporins, which along with electrophysiological data sug-
gest a channel-like permeation mechanism. Given the narrow and relatively
hydrophobic nature of the permeation pore, the selectivity mechanism of
FNTs remains poorly understood. The protonation state of the solutes, as
well as the key residues involved in selectivity and gating have been debated,
wherein a conserved histidine residue located central in the pore has been pro-
posed to be crucial. We use atomistic molecular dynamics simulations to
compute potentials of mean force for full permeation events of certain ionic
and neutral solutes across four FNTs (nirC, HSC and two focA channels).
Our analyses reveal a high permeation barrier (>75kJ/mol) for ions through
the hydrophobic pore of all investigated channels. This barrier is significantly
reduced or annihilated when either the central histidine residue, or the perme-
ating solute are protonated. Moreover, we employ QM/MM calculations to
investigate the proton exchange between said residue and the permeating so-
lute, thus giving insight into the molecular details of permeation. In summary,
the extensive calculations provide a detailed quantitative picture of the ener-
getics of permeation of physiologically relevant solutes through all FNT sub-
types with experimentally solved structure.
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The gating mechanism of TMEM16A, an essential subunit of the Ca2þ-acti-
vated Cl- channel, remains incompletely understood. Gating of TMEM16A
channels is complex because elevation of intracellular calcium concentration
([Ca2þ]i), strong depolarizations (Vm), and high extracellular Cl or highly per-
meant anions seem to contribute. In the present work we show that in
TMEM16A no gating currents can be detected, however, external Cl ions might
play a role in voltage sensing because the kinetics and magnitude of current
activation were dependent on [Cl-]e. The onset and offset of Cl- currents pro-
duced by 0.5 s depolarisations of cells bathed in 137 mM [Cl-]e followed a
mono-exponential behaviour; a subsequent reduction of [Cl-]e to 10 mM dimin-
ished the conductance ~2-fold. These data suggest a single gating process regu-
lated by extracellular Cl-. In contrast, when cells were exposed to 137 mM
[Cl-]e the onset and offset currents elicited by 20s depolarisations exhibited
fast and slow kinetics. Activation of the slow component resulted in large onset
Cl- currents that did not reach steady-state at the end of the 20s pulse. This
behaviour was abolished after activating TMEM16A with 5 mM [Ca2þ]i or after
deleting four residues (448EAVK451) located in the first intracellular loop.
Deleting four additional residues (444EEEEEAVK451) resulted in Cl- currents
that decayed at the end of the 20 s depolarization. To explain our data we devel-
oped a 12-state gating model assuming that TMEM16A is activated by a direct,
Vm-dependent binding of two Ca2þ ions. In this model external Cl- increases
channel open probability by promoting stable Vm-dependent Ca2þ binding.
Our model reproduced the gating behaviour of the TMEM16A currents in
response to voltage, Ca2þ, and [Cl-]e. Thus, we conclude that external Cl sta-
bilises Ca binding and promotes two gating modes in TMEM16A. Supported
by grant 219949 from CONACyT.
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Whole cell ion currents were recorded in RAW 264.1 mouse macrophage cells
by means of the voltage clamp technique in the whole cell configuration.Outwardly rectifying anion currents were activated by sphingosine-1-
phosphate (S1P). The current reversal potential was shifted by replacement
of extracellular Cl- by glutamate- but not when extracellular Naþ was
substituted by Trisþ revealing that the S1P-induced current was mainly carried
by anions. Similar currents were induced by hypotonic extracellular solution.
The inhibition of the S1P-induced currents by hypertonic extracellular or hypo-
tonic intracellular solution as well as the inhibitory effects of the anion channel
blockers NPPB, tamoxifen and glibenclamide indicate that the anion current is
mediated by volume-regulated anion channels (VRAC). The S1P effect was
blocked by the blocker of the S1P receptor 1 subtype (S1PR1) W123 and by
intracellular GDPbS which points to a signalling via S1PR1 and G-proteins.
As ccytochalasin D diminished the action of S1P we conclude that the actin
cytoskeleton is involved in the stimulation of VRAC. S1P as well as hypotonic
extracellular solution induced a secretion of ATP from the macrophages which
was blocked in both cases in a similar way by typical VRAC blockers. We sup-
pose that the S1P-induced ATP secretion in macrophages via activation of
VRAC constitutes a functional link between sphingolipid and purinergic sig-
nalling in essential processes such as inflammation, migration of leukocytes
as well as phagocytosis and killing of intracellular bacteria.
This work was supported by the Roux program of the Medical Faculty of the
Martin Luther University Halle (FKZ 28/29).
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Thefirst extracellular loop (ECL1) ofCFTRcontains several residues involved in
stabilizing theopen state ofCFTR.D110 is positioned on the side ofECL1nearest
to the CFTR pore, extracellular to several amino acids in the first transmembrane
helix important for chloride permeation. In the present study, we utilized cysteine
mutagenesis and electrophysiology to observe real time effects of chemical
manipulation on D110C-CFTR and on a double mutant of D110C with K892C
in ECL4, across the CFTR pore. Via whole Xenopus oocyte TEVC recording,
we found that the reducing agent DTT increased the conductance of D110C-
CFTR 3.21 þ/ 1.16 fold and D110C/K892C-CFTR 13.0 þ/3.5 fold. Treat-
ment of both variants after DTT with Copper (II) Phenanthroline quickly
inhibited them to a similar extent (~75%). Single channel recordings without
DTT showed that both mutants contain full conductance comparable to WT-
CFTR, but significantly decreased mean burst duration. We previously reported
modification of D110C/K892C channels with DTT led to increased openings in
multichannel patches, without apparent effects on single channel conductance or
open burst duration, indicating that DTT likely breaks a closed-state linkage be-
tweenD110CandK892C.ModificationofD110C-CFTRwithDTTresulted in an
increase in mean burst duration from 154ms to 369ms. Finally, via TEVC, we
found that 20uM Cadmium inhibited DTT-treated D110C-CFTR that reversed
within 30s of washout, whereas D110C/K892C-CFTRwas inhibited irreversibly
in the same context. WT, K892C-, D112C/K892C-, and E115C/K892C-CFTR
were unaffected by DTT or Cd2þ. We interpret our results to indicate the posi-
tioning of the pore-facing end of ECL1 is important for CFTR gating, and the
more profound effects of DTT and Cd2þ on D110C/K892C-CFTR versus
D110C-CFTR may also indicate ECL1 and ECL4 must separate during CFTR
channel opening. Support: NIH 5R01DK56481
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Phosphorylation of connexin43 (Cx43) has been shown to regulate gap junction
(GJ) intercellular communication. A Cx43 carboxyl-terminus(CT) mimetic
peptide (aCT1) increases GJ size via reduced Cx43/ZO-1 interaction in vitro
and increases phosphorylation of Cx43 at aa S368 (Cx43pS368) in vitro and
in vivo. We previously reported the effects of aCT1-treatment in a left ventric-
ular (LV) cryoinjury model in vivo (Circ Res 2011;108(6):704-15). At 8-weeks
after cryoinjury, histological assessment showed decreases in scar size and in-
creases in collagen fibril uniformity in aCT1-treated hearts versus controls.
Interdigitation of collagen and fibroblasts between myocytes in the injury
border zone (IBZ) was reduced in treated hearts versus controls. Treated hearts
exhibited a decreased propensity for induced arrhythmias (p<0.02) and an in-
crease in Cx43pS368 in the IBZ which correlated with a tendency for Cx43 to
be maintained at intercalated discs.
To study the mechanistic effect of aCT1 on myocyte-fibroblast interactions via
Cx43, we created a 3D heterocellular system to model the injury border zone
